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(54) Tifle: LCD TEMPERATURE SENSING 
(57) Abstract 

The tempeiaturc of a LCD (43). for example provided in 
a mobile telephone (41), is measured by covering the LCD (43) 
with a conductive touch screen bottom sheet (42) having known 
resistance-temperature relationship. A temperature stable resistor 
(44) is connected to the touch screen bottom sheet (42), and a voltage 
is applied over the resistor and the sheet. The voltage signal between 
the resistor (44) and the touch screen bottom sheet (42) is measured 
and converted into digital representation by an A/D-converter (45). 
The measured voltage signal is used to calculate the temperature of 
the touch screen bottom sheet which is substantially equal to the 
temperature of the LCD (43). 




□□□□ 

□ □DD 

□ □□□ 

□ □□D 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


AM 


Anncnia 


FI 


Finland 


LT 


AT 


Austria 


FR 


France 


LU 


AU 


Australia 


OA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


BB 


Barbados 


GH 


Ghana 


MG 


BE 


Belgium 


ON 


Guinea 


MK 


BF 


Burkina Faso 


OR 


Greece 




BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


Ireland 


MN 


BR 


Brazil 


IL 


Israel 


MR 


BY 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


IT 


Italy 


MX 


CF 


Centra! African Republic 


JP 


Japan 


NE 


CG 


Congo 


KE 


Kenya 


NL 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


CI 


COte d'lvotre 


KP 


Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


cu 


Cuba 


KZ 


Kazakstan 


RO 


cz 


Czech Republic 


LC 


Saint Lucia 


RU 


DB 


Germany 


LI 


Liechtenstein 


SD 


DK 


Denmark 


LK 


Sri Lanka 


SE 


EE 


Estonia 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madi^ascar 

The fcmner Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

MauriUuiia 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Pcwtugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Stovakta 


SN 


Senegal 


SZ 


Swaziland 


TO 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


VA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


vu 


Yugoslavia 


zw 


Zimbabwe 



« 



f 



wo 00/02083 PCT/SE99/01 094 

1 

Title 

LCD temperature sensing 



Technical field of the invention 

5 The invention concerns a device for measuring the temperature near the 
liquid crystals of a liquid crystal display (LCD), and more specifically a 
device for measuring the temperature near the liquid crystals of a liquid 
crystal display (LCD) covered with a touch screen. 

10 Description of related art 

There is a growing market for electronic devices of the type having a LCD 
display for displaying visual information and a touch screen covering the 

■ 

LCD by which the user communicates with the device. 



15 Liquid crystals are characterized by their ability to change their optical 
properties in response to applied electromagnetic fields. This has made 
them ideal for displaying altering information, such as in liquid crystal 
displays (LCD). This ability is affected by the temperature of the hquid 
crystals, which in its turn is dependent on a number of factors, such as air 

20 temperature, radiation from the sun, heat generated by electronic 
equipment in the vicinity of the display etc. The effects of varying LCD 
temperature is especially pronounced when the optical state of the liquid 
crystals is determined by low-voltage multiplexing technique, since this 
puts high requirements on the flexibility of the crystals. 

25 

It is therefore desirable to determine as close as possible the actual 
temperature of the liquid crystals. To obtain as good an estimation as 
possible of the temperature of the liquid crystals a temperature sensor 
should be disposed as near the liquid crystals as possible. Numerous 
30 patents are concerned with this task. 
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For example, the abstract of the Japanese patent JP-A-9- 160001 describes 
a LCD control system wherein the contrast of the LCD is controlled by way 
of measuring the ambient temperature, and adjusting the contrast after 
comparing the measured temperature to a stored temperature and a 
5 contrast setting associated with the stored temperature. A similar system 
is also described in the abstract of the Japanese patent JP-A-8-114785. 
Such a control system has the disadvantage that the contrast adjustment 
is based on an ambient temperature that may differ considerably from 
temperature of the liquid ciystaJs. This is the case regardless of whether 
10 the temperature is measured outside of the equipment in which the LCD is 
mounted, or inside the housing of the equipment. 

ft 

It is also known, for example through JP-A 9-258161, to attach a small 
thermocouple sensor on a LCD display in order to measure its 
15 temperature. However, this has the disadvantage that only a point 
estimation of the LCD temperature is obtained. Therefore, considerable 
errors could occur, for example in a case where sunlight falls on only a 
part of the equipment. 



20 Furthermore, through the Japanese patent publication No. 54-064998 it is 
known to cover a surface of a LCD display with a tin oxide film, and 
measuring the resistance of the tin oxide film to determine the 
temperature of the LCD. The tin oxide film may also act as a heating 
means, to provide a suitable operation temperature to the liquid crystals. 

25 If practiced in conjunction with a touch screen, this invention has the 
disadvantage that even a highly transparent additional temperature 
sensing layer would undesirably reduce the visual contrast of the LCD. 
Since the touch screen that covers the LCD causes a certain loss of 
contrast and brilliance in itself, it is generally not desirable to cover the 

3 0 LCD with yet another transparent sheet. 



t 



I 



wo 00/020S3 PCT/SE99/01 094 



Summary of the invention 

It is a general object of the invention to provide a device for measuring the 
temperature of a LCD provided with a touch screen, wherein the 
measurement is performed within the touch screen very near the liquid 
crystals aind gives an integral temperature estimation substantially over 
the entire LCD area. 



This gind other objects are achieved by the invention as defined in the 
10 accompanying claims. 

Thus, in a first aspect of the present invention there is provided a device 
for measuring the temperature of a LCD provided with a touch screen. 

15 According to this aspect of the invention, one of the sheets constituting the 
touch screen, namely the bottom sheet being disposed adjacent to the LCD 
surface, is provided with a transparent conductive layer having a known 
relationship between temperature and its electrical resistance. At selected 
intervals the resistance of the transparent layer is measured and 

20 interpreted as the temperature of the touch screen bottom sheet. 

As the touch screen bottom sheet is in thermal contact with the LCD 
surface, and as the LCD glass sheet that parts the liquid crystals from the 
touch screen bottom sheet has excellent heat conductivity, the 
25 temperature of the touch screen bottom represents a good estimation of 
the temperature of the liquid crystals of the LCD. 

Furthermore, as the touch screen bottom sheet covers substantially the 
entire LCD area the measured electrical resistance of the touch screen 
30 bottom sheet represents an overall estimation which, in cases of uneven 
temperature distribution, is an integral measure of both warmer and 
cooler areas on the LCD. 
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In general, the components necessary to carry out the invention aire 
already present in a LCD/ touch screen assembly. Any additional 
components are of low cost and are easy to assemble, thereby providing for 
5 cost effective production. 

Apart from being cost effective, the invention makes it unnecessary to 
provide an additional temperature sensing transparent sheet in addition to 
the touch screen, thereby avoiding an undesired reduction in the visual 
10 contrast of the LCD. 

Thus, the present invention shows a number of advantages, such as: 

- high precision estimation of the liquid crystal temperature as the 
temperature measurement is made verj' near the liquid crystals, 

15 - temperature measurement that is sensitive to temperature gradients 
across the LCD display, since the measurement is made across the entire 
LCD surface, 

- cost efficiency due to few new components, said components being cheap 
and easy to assemble, and 

20 - combination of the temperature sensor with the already present touch 
screen avoids further contrast losses. 

In a second aspect of the present invention is provided a method for 
manufacturing a device according to the invention. 

25 



wo 00/02083 PCT/SE99/01094 

5 

Brief description of the drawings 

The present invention will now be described, by way of examples only, with 
reference to the attached drawings, wherein: 

Fig. 1 is a schematic sectional side view of a LCD and touch screen 
assembly for use with the present invention. 

Fig.2 is a diagraim showing the relationship between electrical 

resistance (R) for a polyethylene terephthalate film and temperature (T). 

Fig. 3 is a circuit diagram showing a typical conventional circuit for 
use with a touch screen. 



Fig. 4 is a circuit diagram of a LCD temperature measuring device 
according to the invention combined with a touch screen. 



Fig. 5 is a simplified circuit diagram showing resistances and voltages 
of a temperature measuring device according to the invention. 

Fig. 6 is a schematic block diagram of a circuit for adjustment of a 
LCD display. 

Fig. 7 is a schematical, partly transpairent sketch of a mobile phone 
comprising a according to the invention. 

Fig. 8. is a flow chart illustrating a method for manufacturing a LCD 
temperature measuring device according to the invention. 

It should be noted that same reference numbers in different figures relates 
to same components. 
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Detailed description of embodiments 

An embodiment of a the present invention shall now be described. 

Fig, 1 is a schematic sectional side view of a typical conventional 
LCD/ touch screen assembly suitable for use with the present invention. 
The assembly includes a touch screen 20 covering a liquid crystal display 
(LCD) 2. The LCD 2 comprises a top glass sheet 3, a bottom glass sheet 4, 
and distance elements 5 and liquid crystals 6 disposed between the top 
and bottom glass sheets. Typically, the LCD is attached to a PC board (not 
shown). The touch screen 20 comprises a top sheet 21, a bottom sheet 22 
and spacers 23. The touch screen 20 could be fixed to the LCD top glass 
sheet 3 by means of an adhesive layer 9, as shown, provided that the 
adhesive layer has good thermal conductivity. However, in order to ensure 
best possible thermal conductivity between the top glass sheet and the 
touch screen bottom sheet it is preferred that the touch screen is disposed 
directly onto the LCD. 

The top sheet 21of the touch screen 20 is typically made from a plastic 
materisd, such as a polyester film. The bottom sheet 22 is typically made 
from a plastic material, such as a polyester film, or a glass sheet. On the 
inner surfaces, i.e. the surfaces facing each other, the sheets 21, 22 are 
covered with a conductive layer, typically indium tin oxide 24, 25, 
respectively. Thus, when the user presses the touch screen, thereby 
contacting the top and bottom sheets, i.e. the conductive layers 24, 25 of 
the sheets, an electrical voltage signal can be transferred through the 
conductive layers 24, 25. 

Conventionally, a typical touch screen 20 is connected to the equipment at 
hand as in the example of a circuit diagram illustrated in fig. 3. A control 
unit (not shown, but indicated by the circuit lines CTRL) opens and closes 
the switches 31, 32, 33, 34, 35. An analog-to-digital (A/D) converter 36 is 
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provided to convert measured voltage values from analog to digital 
representation. 

As the function of a touch screen is not in itself the subject of the present 
5 invention, it shall be described only very briefly by way of example as a 
background to the under stajiding of the invention. 

When the user presses the touch screen at a certain point, the top and 
bottom sheet conductive layers 24 and 25 are short circuited at that point, 

10 as described above. For determining the position of this point, the control 
unit first closes the switches 31 and 32 to provide a voltage Vcc across the 
conductive layer 24 of the touch screen top sheet 2.1, opens the switches 
in 33 and 34 and puts the switch 35 in a state connecting the A/D- 
converter 36 to the conductive layer 25 of the touch screen bottom sheet 

15 22 via connection point 38. A first voltage, the magnitude of which is 
dependent on the position where the user has short circuited the touch 
screen, is output by the A/D-converter to any suitable registering means. 
This first voltage gives a representation of the vertical position (when 
viewed in fig. 3) of the area pressed by the user. In a subsequent step the 

20 control unit opens switches 31 and 32, closes switches 33 and 34 and 
puts the switch 35 in a state connecting the A/D-converter 36 to the touch 
screen top sheet 21. The corresponding transverse position of the area 
pressed by user is then determined in an analogous way. 

« 

25 According to the invention, the temperature of the liquid crystals can be 
obtained by determining the temperature of the touch screen bottom 
sheet. This is achieved, according to the invention, by introducing a 
temperature stable resistor Rs in series with the conductive layer 25 of the 
touch screen bottom sheet 22, whereby the conductive layer has a 

3 0 temperature dependent resistance Rts. At selected intervads a voltage Vcc 
is applied over the series of the. resistor Rs and the touch screen bottom 
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sheet (Rts), and the voltage level Vts between the resistor Rs and the touch 
screen bottom sheet Rts is measured. 

This is illustrated in the simplified circuit diagram of fig. 4, which 
5 corresponds to the conventional circuit of fig. 3, showing a circuit 
according to the invention wherein a temperature stable resistor 37 having 
a resistance Rs is disposed between the switch 34 and the connection 
point 38. The conductive layer 25 of the touch screen bottom sheet 22 has 
a temperature sensitive resistance Rts. A voltage Vts between the resistor 
10 37 and the touch screen bottom sheet 22 is measured at the connection 
point 38. This is illustrated in the schematical diagram of fig. 5. 

Now the control unit (not shown) is programmed to, at selected intervals 
between its normal operation as described above, open switches 31 and 
15 32, close switches 33 and 34 to provide a voltage Vcc across the resistor 
37 and the bottom sheet conductive layer 25 and put switch 35 in a state 
connecting the A/D-converter 36 to the connection point 38 between the 
resistor 37 and the bottom sheet conductive layer 25. 

20 Knowing the applied voltage Vcc, the measured voltage Vts and the 
resistance Rs of the temperature stable resistor, the temperature of the 
touch screen bottom sheet is calculated, for example by using Ohm's law: 

Rts = Vts#Rs/ (Vcc-Vts) (1) 



25 According to the invention, if the relationship between the electrical 
resistance and the temperature of the conductive layer 25 of the touch 
screen bottom sheet 22 is known, the resistance Rts is useful to determine 
the temperature of the sheet 22. For a given material, such as a specific 
polyester film covered with indium tin oxide, this relationship could be 

30 available from the manufacturer of the film material. Otherwise, it is easily 
established by simply measuring the electrical resistance of a sample of 
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the material at a selected set of temperatures corresponding to the 
temperatures at which the LCD is specified to operate. 

An example of this is shown in the diagram of fig. 2, which shows the 
5 relationship between electrical resistance (R) of a polyethylene 
terephthalate film, covered with a conductive layer, and temperature (T). 
From the curve of the diagram it is apparent that the electrical resistance 
R of this particular film changes significantly within a temperature range 
from appr. -20 to +10 making it possible to establish a rather 
10 reliable relationship between temperature and resistance. At temperatures 
above appr. +10. a less reliable relationship can be established. Thus, 
with regard to the invention the polyethylene terephthalate film of fig. 2 is 
suitable for use in applications wherein the operating temperature of the 
liquid crystals is within the range of -20 *C through +10 ""C. 

15 

Therefore, in order to decide which material to use for the bottom sheet of 
the touch screen it is necessary to estimate the operating temperature of 
the LCD to which the present invention is to be applied. Typically, the 
ambient temperature specified for the equipment that includes the LCD, 
20 e.g. a mobile phone or a portable computer, could be used as an 
approximation of the operating temperature. 



Using equation (1) and a resistance- temperature diagram similar to that of 
fig. 2 for the material currently used in the trajnsparent sheet, the 
25 temperature of the touch screen bottom sheet 22 is determined. Since the 
top glass sheet 3 of the LCD has excellent heat conductivity, the 
temperature of the touch screen bottom sheet 22 is a good estimation of 
the temperature of the liquid crystals 6. 
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Thus, the temperature of the liquid crystals 6 can be estimated with good 
accuracy by measuring the voltage Vts between the resistor 37 and the 
touch screen bottom sheet conductive layer 25. 

5 This procedure is well suited for automation, since the relationship 
between temperature and resistance of the touch screen bottom sheet can 
easily be transformed to an equation for implementation into a computer 
program being executed in a suitable micro processor. A computer 
program is also useful to control the measuring of Vts and to calculate the 
10 resistance of the touch screen bottom sheet Rts. 



With the invention, a good estimation of the LCD temperature is obtained 
with already present components, such as the touch screen, due to the 
close contact between the touch screen bottom sheet and the LCD. Only 
15 one more component - a cheap resistor - and a non-complicated 
reprogramming of the control unit is necessary. 

Also, as no additional transparent layers are added, no additional contrast 
loss is obtained. 

20 

Furthermore, as the touch screen covers the entire LCD surface any 
irregularities in the temperature distribution across the display surface are 
smoothed out since the measured resistance is an overall value taken over 
the entire touch screen bottom sheet. Thereby, a proper mean value for 
25 use when determining a temperature induced contrast adjustment of the 
LCD is provided, rather than a point estimation. 

In order to illustrate the use of the temperature sensing element according 
to the present invention to adjust the contrast of a LCD, fig. 6 shows a 
30 schematic block diagram of a circuit for adjustment of a LCD display. 
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According to fig, 6, a TEMPERATURE SENSING ELEMENT, generally in the 
form of a touch screen bottom sheet acting in cooperation with a 
temperature stable resistor, is arranged in connection with a LC DISPLAY, 
as described above, to output a voltage signal Vts. The voltage signal Vts is 
5 transferred to a DISPLAY CONTROL, for example a designated 
preprogrammed microprocessor or a part of an overall control unit. The 
DISPLAY CONTROL responds to the applied voltage Vts with a LCD control 
voltage signal Vied that is transferred to the LC DISPLAY. However, 
contrast adjustment of a LCD is in itself conventional and well known to 
10 those skilled in the art, and therefore no further explanation is given on 
this matter in the present description. 

The present invention is particularly useful for LCD's that are used for 
displaying visual information in mobile electronic units, such as mobile 
15 telephones, hand held computers etc. 



For example, fig. 7 schematically illustrates a mobile phone 41 provided 
with a LCD 43 and a touch screen 42 covering the LCD, whereby the touch 
screen bottom sheet is conductive, and acts as a temperature sensing 

20 element. The electronic unit of the mobile phone 41 comprises a 
temperature stable resistor 44, an A/D-converter 45 connected between 
the resistor 44 and the conductive layer of the touch screen bottom sheet 
42 and a control unit 46 connected to the A/D-converter 45. The control 
unit 46 is programmed to perform the calculations described above. It 

25 should be noted that for simplicity voltage sources, ground potential 
terminals and contrast adjustment components are not shown, since these 
components are conventional and their use is very familiar to anyone 
skilled in the art. A mobile phone according to fig. 9 has the advantage 
that the user is presented with a LCD that always shows information in 

30 good light contrast, regardless of the ambient temperature as well as the 
internal temperature of the mobile phone. 
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A similar arrangement is useful for a hand held computer. 

Fig. 8 is a flow chart illustrating the steps of a method for producing a LCD 
5 temperature sensing touch screen assembly according to the present 

invention. The method includes the steps of: 

covering a liquid crystal display (LCD) with a touch screen, as 

illustrated at 101, whereby the touch screen has a bottom sheet covered 

with a conductive layer as described above; 
0 connecting a temperature stable resistor to the conductive 

m 

layer on the touch screen bottom sheet, as illustrated at 102; 

providing a measuring terminal between the temperature 
stable resistor and the conductive layer of the touch screen bottom sheet, 
as illustrated at 103; and 

5 providing a control unit for monitoring a voltage between the 

temperature stable resistor and the conductive layer of the touch screen 
bottom sheet, as illustrated at 103, whereby said voltage occurs in 
response to a voltage applied over the series of the temperature stable 
resistance and the conductive layer of the touch screen bottom sheet. 

D 

It should be understood that the scope of the present invention is not 
limited to the examples of embodiments described above, but is defined by 
the scope of the appended patent claims. 



25 
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1. . A device for measuring the temperature of a liquid crystal display 
(LCD) (2) by using a temperature dependent conductive layer (25) covering 
the LCD, 

characterized in that the conductive layer (25) constitutes a part of a 
touch screen (20) applied to the LCD (2), and said device comprises means 
(37, 38) for measuring an electrical property of the transparent layer (25) 
of the touch screen (20), the value of said electrical property being 
representative of an estimation of the temperature of the LCD. 

2. The device according to claim 1, 

characterized in that said electrical property is the electrical resistance of 
the transparent layer (25) or the voltage over the transparent layer. 

3. The device according to claim 1 or 2, 

characterized in that said means for measuring said electrical property 
comprises: 

- a temperature stable resistor (37) connected to the transparent layer (25); 
and 

- a measuring terminal (38) arranged between the transparent layer (25) 
and said temperature stable resistor (37) for measuring a voltage signal 
(Vts) being representative of the temperature of the transparent layer and 
acting as an estimation of the temperature of the LCD (2). 

4. The device according to claim 3, 

characterized in that it further comprises a control unit for monitoring 
said voltage signal (Vts) and for adjusting the contrast level of the LCD (2) 
in response to said voltage signal (Vts) . 
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5. A mobile telephone (41) having a liquid crystal display (LCD) (43), 
characterized in that it comprises a device according to any of the 
previous claims, for measuring the temperature of the LCD. 

6. A portable computer having a liquid crystal display (LCD) (43), 
characterized in that it comprises a device according to any of the 
previous claims, for measuring the temperature of the LCD. 

7. A method for manufacturing a device for determining the temperature 
of a liquid crystal display (LCD), 

characterized in that it comprises the steps of: 

- covering (101) the LCD with a touch screen, said touch screen having a 
sheet arranged in heat conducting relationship to the LCD; 

- providing means (102-104) for measuring an electrical property of said 
sheet, the value of said electrical property being representative of the 
temperature of the LCD. 

8. The method according to claim 7, 

characterized in that said step of providing means for measuring an 
electrical property of the touch screen sheet comprises the steps of 

- connecting (102) a temperature stable resistor to the sheet; and 

- providing (103) a measuring terminal between the sheet and said 
temperature stable resistor. 

9. The method according to claim 7, 

characterized in that said step of providing means for measuring an 
electrical property of the touch screen sheet comprises the step of 
providing (104) a control unit for monitoring a voltage signal at said 
measuring terminal. 
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